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57 ABSTRACT

An isolation region is provided. The isolation region includes
a first groove and an insulation layer filling the first groove.
The first groove is embedded into a semiconductor substrate
and includes a first sidewall, a bottom surface and a second
sidewall that extends from the bottom surface and joins to the
first sidewall. An angle between the first sidewall and a nor-
mal line of the semiconductor substrate is larger than a stan-
dard value. A method for forming an isolation region is fur-
ther provided. The method includes: forming a first trench on
a semiconductor substrate, wherein an angle between a side-
wall of the first trench and a normal line of the semiconductor
substrate is larger than a standard value; forming a mask on
the sidewall to form a second trench on the semiconductor
substrate by using the mask; and forming an insulation layer
to fill the first and second trenches. A semiconductor device
and a method for forming the same are still further provided.
In the semiconductor device, a material of the semiconductor
substrate is interposed between a second groove bearing a
semiconductor layer for forming an S/D region and the first
and second sidewalls. The present invention is beneficial to
reduce leakage current.

3 Claims, 6 Drawing Sheets
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ISOLATION REGION, SEMICONDUCTOR
DEVICE AND METHODS FOR FORMING
THE SAME

BENEFIT CLAIMS

This application is a US National Stage of International
Application No. PCT/CN2011/071093, filed Feb. 18, 2011,
which claims the benefit of CN 201010223894.2, filed Jul. 1,
2010.

FIELD OF THE INVENTION

The present invention relates to a technical field of semi-
conductors, and particularly, to an isolation region, a semi-
conductor device and methods for forming the same.

BACKGROUND OF THE INVENTION

Currently, a method for forming a semiconductor device
comprises the following steps. Firstly, as illustrated in FIGS.
1 and 2, an active region 20 and an isolation region 12 sur-
rounding the active region 20 are formed on a semiconductor
substrate 10. Next, as illustrated in FIGS. 3 and 4, a gate stack
structure is formed on the active region 20 and extends to the
isolation region 12 (the gate stack structure comprises a gate
dielectric layer 22, a gate 24 formed on the gate dielectric
layer 22, and sidewalls 26 surrounding the gate dielectric
layer 22 and the gate 24. In practice, a cap layer is further
formed on the gate for preventing the gate from being dam-
aged during the operation. The cap layer is usually made of
silicon nitride. The cap layer is not indicated in the text and
drawings of this specification for the convenience of descrip-
tion). Next, as illustrated in FIGS. 5 and 6, the gate stack
structure and the isolation region 12 are used as a mask, and
the semiconductor substrate 10 of a partial thickness in the
active region 20 is removed to form a groove 30. Finally, a
semiconductor material is produced in the groove 30 for
filling into the groove 30 so as to form a source/drain (S/D)
region.

However, as illustrated in FIGS. 7 to 9, it is found in
practice that a slot 34 is defined at an interface between the
S/D region 32 and the isolation region 12. Consequently, as
illustrated in FIGS. 10 to 12, when a contact region 36 (e.g.,
metal silicide layer) is formed subsequently on the S/D region
32, the contact region 36 may likely reach a junction region
via the slot 34, thereby causing a leakage current.

SUMMARY OF THE INVENTION

In order to solve the above problem, the present invention
provides an isolation region, a semiconductor device and
methods for forming the same, which are beneficial to reduce
the leakage current.

The present invention provides an isolation region, com-
prising: a first groove and an insulation layer filling the first
groove, wherein the first groove is embedded into a semicon-
ductor substrate and comprises a first sidewall, a bottom
surface and a second sidewall that extends from the bottom
surface and joins to the first sidewall, and an angle between
the first sidewall and a normal line of the semiconductor
substrate is larger than a standard value.

Optionally, the angle between the first sidewall and the
normal line of the semiconductor substrate is in the range
from about 5° to about 20° (5°~20°.

Optionally, in any cross-sectional plane perpendicular to
the semiconductor substrate, the second sidewall is joined to
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the first sidewall at a first joint and a second joint, and an angle
between the second sidewall and the normal line of the semi-
conductor substrate increases from the first joint to the second
joint.

A semiconductor device comprising the above isolation
region, the semiconductor device further comprises an S/D
region, and the S/D region comprises a second groove and a
semiconductor layer filling the second groove, wherein there
is material of the semiconductor substrate interposed between
the second groove and the first and second sidewalls.

Optionally, when the material of the semiconductor sub-
strate is Si, for a PMOS device, the semiconductor layer is
Si, ,Ge,, and for an NMOS device, the semiconductor layer is
Si:C.

A method for forming an isolation region, comprising:
forming a first trench on a semiconductor substrate, wherein
an angle between a sidewall of the first trench and a normal
line of the semiconductor substrate is larger than a standard
value; forming a mask on the sidewall to form a second trench
on the semiconductor substrate by using the mask; and form-
ing an insulation layer to fill the first and second trenches.

Optionally, the angle between the sidewall and the normal
line of the semiconductor substrate is about 5°~about 20°.

Optionally, before the insulation layer is formed, the
method further comprises performing an etching operation on
the second trench to expand the second trench.

A method for forming a semiconductor device, compris-
ing: forming the isolation region using the above method, so
as to isolate active regions; forming on the semiconductor
substrate a gate stack structure that resides on the active
region and extends to the isolation region; using the gate stack
structure and the isolation region as a mask to form a third
trench in the active region, wherein there is material of the
semiconductor substrate interposed between the third trench
and the isolation region; and filling a semiconductor layer into
the third trench to form an S/D region.

Optionally, when the material of the semiconductor sub-
strate is Si, for a PMOS device, the semiconductor layer is
Si, _yGey, and for an NMOS device, the semiconductor layer
is Si:C.

As compared with the prior art, the technical solution of the
present invention has the following advantages:

On the premise that opening areas of the isolation region
are the same, the cross-sectional area of the embedded isola-
tion region is made to be smaller than the opening area by
increasing the angle between the first sidewall (i.e., the side-
wall of the first trench) and the nominal line of the semicon-
ductor substrate. In the subsequent steps, the S/D region is
formed by using the opening of the isolation region as the
mask. Inaddition, when the groove bearing the material of the
S/D region is formed, an anisotropic etching process is
adopted, so that the active region connected to the isolation
region is removed at the opening of the isolation region. In
any cross-sectional plane parallel to the top surface of the
semiconductor substrate, the active region joined to the iso-
lation region will no longer be removed since the cross-
section area of the isolation region is reduced, i.e., the embed-
ded isolation region is still joined to the material of the active
region (i.e., the material of the semiconductor substrate). In
other words, the material of the semiconductor substrate is
retained between the groove and the isolation region. That is
to say, each wall of the groove is made of the material of the
semiconductor substrate (wherein, the sidewall of the groove
close to the isolation region is made of the material of the
semiconductor substrate, instead of the material of the isola-
tion region, due to the material of the semiconductor substrate
remaining between the groove and the isolation region). Then
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the material of the semiconductor substrate is used as seed
crystal to grow the material of the S/D region in the groove
(when the material of the semiconductor substrate is Si, for a
PMOS device, the semiconductor layer is Si; yGe,, and for
an NMOS device, the semiconductor layer is Si:C). This is
beneficial to reduce the possibility of defining a slot at an
interface between the formed S/D region and the isolation
region. Furthermore, due to the reduction of the possibility of
defining the slot, a stress loss will also be reduced when the
material of the S/D region is formed in the groove.

In any cross-sectional plane perpendicular to the semicon-
ductor substrate, from the first joint to the second joint, the
angle between the second sidewall and the normal line of the
semiconductor substrate increases. This is beneficial to
expand the cross-sectional area of a region defined by the
second sidewall. Then, the above region is filled with the
insulation layer to form the isolation region, and this is ben-
eficial to enhance the isolation effect; or before the insulation
layer is formed, an etching operation is performed on the
second groove to expand the second groove, which may
increase the cross-section area of the second groove. Then,
the second groove is filled with the insulation layer, and this
is beneficial to enhance the isolation effect.

BRIEF DESCRIPTION OF THE DRAWINGS

The following sectional views are all obtained by cutting
the formed structures along lines AA' and BB' shown in
corresponding top views.

FIGS. 1~2 illustrate structural diagrams after an active
region is formed according to the prior art.

FIGS. 3~4 illustrate structural diagrams after a gate stack
structure is formed according to the prior art.

FIGS. 5~6 illustrate structural diagrams after a groove is
formed according to the prior art.

FIGS. 7~9 illustrate structural diagrams after an S/D region
is formed according to the prior art.

FIGS. 10~12 illustrate structural diagrams after a contact
region is formed according to the prior art.

FIG. 13 illustrates a structural diagram of a first embodi-
ment of anisolation region according to the present invention.

FIG. 14 illustrates a structural diagram of'a second embodi-
ment of anisolation region according to the present invention.

FIG. 15 illustrates a structural diagram of an embodiment
of'a semiconductor device according to the present invention.

FIG. 16 illustrates a structural diagram after a first trench is
formed in a first embodiment of a method for forming an
isolation region according to the present invention.

FIG. 17 illustrates a structural diagram after a second
trench is formed in the first embodiment of a method for
forming an isolation region according to the present inven-
tion.

FIG. 18 illustrates a structural diagram after a second
trench is formed in a second embodiment of a method for
forming an isolation region according to the present inven-
tion.

FIG. 19 illustrates a structural diagram after an insulation
layer is formed in the first embodiment of a method for
forming an isolation region according to the present inven-
tion.

FIG. 20 illustrates a structural diagram after an isolation
region is formed in an embodiment of a method for forming a
semiconductor device according to the present invention.

FIG. 21 illustrates a structural diagram after a gate stack
structure is formed in an embodiment of a method for forming
a semiconductor device according to the present invention.
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FIG. 22 illustrates a structural diagram after a third trench
is formed in an embodiment of a method for forming a semi-
conductor device according to the present invention.

FIG. 23 illustrates a structural diagram after a semiconduc-
tor layer is formed in an embodiment of a method for forming
a semiconductor device according to the present invention.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

The following text provides many different embodiments
or examples to implement the technical solution of the present
invention. Although descriptions of the components and
arrangements of specific examples are given as follows, they
are just exemplary, and do not intend to limit the present
invention.

In addition, reference numbers and/or letters can be repeat-
edly used in different embodiments of the present invention
for the purposes of simplification and clearness, without indi-
cating the relationships between the discussed embodiments
and/or arrangements.

The present invention provides examples of various spe-
cific processes and/or materials. But it is apparent that sub-
stitutive applications of other processes and/or materials con-
ceivable by a person skilled in the art do not deviate from the
scope of the present invention. To be emphasized, the inter-
faces of various regions described in this specification include
necessary extensions made according to the requirements of
the processes or procedures.

As illustrated in FIG. 13, the present invention provides an
isolation region comprising a first groove 120 and an insula-
tion layer 140 filling the first groove 120. The first groove 120
is embedded into a semiconductor substrate 100 and com-
prises a first sidewall 122, a bottom surface 126 and a second
sidewall 124 that extends from the bottom surface 126 and
joins to the first sidewall 122. In which, an angle between the
first sidewall 122 and a normal line of the semiconductor
substrate 100 (as indicated by a dashed line in the drawing) is
larger than a standard value.

Herein the standard value means that when the groove 120
is to be etched in practice, if an angle between the sidewall of
the groove 120 and the normal line of the semiconductor
substrate 100 is designed to be o, while an angle actually
obtained to meet the design requirement is ci+ o due to the
demand of the process or procedure (e.g., there exists a pro-
cess error or the subsequent filling effect needs to be
improved), then a is a standard value.

In the present embodiment, the semiconductor substrate
100 is a substrate of silicon, and in other embodiments, the
semiconductor substrate 100 may also be made of other com-
pound semiconductor, such as silicon carbide (SiC), gallium
arsenide (GaAs), indium arsenide (InAs) or indium phos-
phide (InP). In addition, the semiconductor substrate 100
preferably includes an epitaxial layer. The semiconductor
substrate 100 may also include a silicon on insulator (SOI)
structure. The insulation layer 140 may be made of silicon
nitride, silicon oxynitride or non-doped silicon oxide.

In the present embodiment, the angle between the first
sidewall 122 and the normal line of the semiconductor sub-
strate 100 may be about 5°~about 20°, such as 8°, 10° or 15°.
On the premise that the opening areas of the isolation region
are the same, the cross-sectional area of the embedded isola-
tion region is made to be smaller than the opening area. Then,
in the following step, the material of the semiconductor sub-
strate 100 may be residual between the groove bearing the
material of an S/D region and the isolation region, i.e., each
wall of the groove is made of the material of the semiconduc-
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tor substrate 100. This is beneficial to reduce the possibility of
defining a slot at an interface between the formed S/D region
and the isolation region.

Particularly, in a second embodiment of the isolation
region, the present invention further provides an isolation
region. In which, in any cross-sectional plane perpendicular
to the semiconductor substrate 100 (for example, the cross-
section as illustrated in FIG. 14), the second sidewall 124 is
joined to the first sidewall 122 at a first joint 1224 and a
second joint 1242. From the first joint 1224 to the second joint
1242, an angle between the second sidewall 124 and the
normal line of the semiconductor substrate 100 increases.
This is beneficial to expand a cross-sectional area of a region
defined by the second sidewall 124. Then, the above region is
filled with the insulation layer 140 to form the isolation
region, and this is beneficial to enhance the isolation effect. To
be noted, in any cross-sectional plane perpendicular to the
semiconductor substrate 100, the second sidewall 124 may
have an arc shape, a fold line shape (not shown), etc.

As illustrated in FIG. 15, the present invention provides a
semiconductor device comprising the above isolation region
(taking the second embodiment for example). The semicon-
ductor device further comprises a gate stack structure (the
gate stack structure comprises a gate dielectric layer 102, a
gate 104 formed on the gate dielectric layer 102, and side-
walls 106 surrounding the gate dielectric layer 102 and the
gate 104, which are beneficial to reduce a parasitic capaci-
tance; and in other embodiments, the sidewalls 106 may be
located on the gate dielectric layer 102 and surround the gate
104) and an S/D region (taking an embedded source/drain
region for example). In which, the S/D region comprises a
second groove 144 and a semiconductor layer 146 filling the
second groove 144. The material of the semiconductor sub-
strate 100 is interposed between the second groove 144 and
the first and second sidewalls 122, 124 (indicated by a dashed
frame in the drawing). That is to say, when the second groove
144 bearing the material of the S/D region is formed, each
wall of the second groove 144 is made of the material of the
semiconductor substrate 100, and then the material of the
semiconductor substrate 100 is used as seed crystal. This is
beneficial for a uniform growth of the semiconductor layer
146 for forming the S/D region along each direction in the
second groove 144, so as to reduce the possibility of defining
a slot at an interface between the formed S/D region and the
isolation region 142.

When the semiconductor substrate 100 is Si, for the PMOS
device, the semiconductor layer may be Si; Ge, (the value
range of X may be about 0.1~about 0.7, which can be flexibly
adjusted according to a process requirement, such as 0.2, 0.3,
0.4, 0.5 or 0.6, and the value of X in this specification is the
same as that indicated herein unless otherwise specified); for
the NMOS device, the semiconductor layer may be Si:C (the
atomic percentage of C may be about 0.2%~about 2%, such
as 0.5%, 1% or 1.5%, the content of C may be flexibly
adjusted according to a process requirement, and the atomic
percentage of C in this specification is the same as that indi-
cated herein unless otherwise specified). To be noted, the
semiconductor layer may be made of a semiconductor mate-
rial doped withions, e.g., Si,_GeorSi:CofNtypeorPtype.
The ion doping operation may be performed directly during
the production of the semiconductor material (e.g., adding a
reactant containing the doped ion components into reactants
for producing the semiconductor material), or performed
through an ion implantation process after the semiconductor
material is produced. Any conventional ion implantation pro-
cess may be adopted to perform the ion doping operation,
which herein is not described in detail.
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Forming the S/D region with the above material is benefi-
cial to adjust the stress in the channel region of the semicon-
ductor device by using the stress provided by the S/D region,
s0 as to improve the mobility of carriers in the channel region.
Forming the S/D region using the method provided by the
present invention is beneficial to reduce the stress loss of the
S/D region.

The invention further provides a method for forming an
isolation region, comprising:

Firstly, as illustrated in FIG. 16, a first trench 220 is formed
on a semiconductor substrate 200. An angle between a side-
wall 222 of the first trench 220 and a normal line of the
semiconductor substrate 200 (as indicated by a dashed line in
the drawing) is larger than a standard value.

The semiconductor substrate 200 is a substrate of silicon,
and in other embodiments, the semiconductor substrate 200
may also be made of other compound semiconductor such as
silicon carbide (SiC), gallium arsenide (GaAs), indium ars-
enide (InAs) or indium phosphide (InP). In addition, the
semiconductor substrate 200 preferably includes an epitaxial
layer. The semiconductor substrate 200 may also include a
silicon on insulator (SOI) structure.

The step of forming the first trench 220 comprises: forming
silicon oxide (using a thermal oxidation process or a deposi-
tion process) and silicon nitride in sequence on the semicon-
ductor substrate 200 (using a deposition process); next, form-
ing a patterned photoresist layer on the silicon nitride; next,
using the patterned photoresist layer as a mask to pattern the
silicon nitride and the silicon oxide, so as to form a hard mask
224 (i.e., in order to make the structure clear, the illustrated
hard mask 224 contains the silicon oxide and the silicon
nitride formed thereon); next, removing the patterned photo-
resist layer; and finally, etching the semiconductor substrate
200 of a partial thickness by using the hard mask 224.

In the prior art, the reasons why a slot is defined between
the S/D region and the isolation region are as follows. The S/D
region is formed by filling a semiconductor material into a
trench, and the semiconductor material is produced through
an epitaxial process. The gate stack structure and the isolation
region are used as the mask when the trench is formed. That
is, the sidewalls of the isolation region will be exposed after
the trench is formed. In other words, walls of the trench
include both the material of the semiconductor substrate and
the sidewall of the isolation region. When the semiconductor
material is produced through the epitaxial process, the mate-
rial of the semiconductor substrate is used as the seed crystal,
i.e., the sidewall of the isolation region used as the wall of the
trench cannot provide the seed crystal. In addition, it is found
that the semiconductor material has different growth rates
along different crystal orientations. Specifically, as compared
with orientations (100) and (110), the semiconductor material
has a slower growth rate along the orientation (111). In prac-
tice, an orientation perpendicular to the semiconductor sub-
strate 100 generally is the orientation (100), and an orienta-
tion parallel to the semiconductor substrate 100 is the
orientation (110). Then the orientation (111) obliquely
crosses the orientations (100) and (110). That is, since the
semiconductor material has a slower growth rate along the
orientation (111), the semiconductor material will form an
oblique side surface (along the orientation (111)), and a slot
will be defined between the oblique side surface and the
sidewalls of the isolation region 120.

It is considered that it is beneficial to reduce or even elimi-
nate the slot between the S/D region and the isolation region
s0 as to reduce the leakage current when the material of the
semiconductor substrate is retained or formed on the side-
walls of the isolation region. In other words, the proportion of
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the material of the semiconductor substrate in the walls of the
trench is increased. That is, by supplying the material of the
semiconductor substrate having different crystal orientations
as the seed crystal, the above slot s filled by the semiconduc-
tor material formed by the epitaxial growth of the supplied
seed crystal.

In the present embodiment, the first trench 220 may be
formed through an etching process. The angle between the
sidewall 222 and the normal line of the semiconductor sub-
strate 200 may be about 5°~about 20°, such as 8°, 10° or 15°.

Subsequently, as illustrated in FIG. 17, a mask 240 is
formed on the sidewall 222, and a second trench 260 is
formed on the semiconductor substrate 200 by using the mask
240.

The mask 240 may be any semiconductor material rather
than the material of the semiconductor substrate 200, such as
silicon nitride, silicon oxynitride or non-doped silicon oxide.
The material of the mask 240 may be the same as the material
of'the insulation layer for filling the trench subsequently so as
to form the isolation region, e.g., when the material of the
insulation layer for filling the trench subsequently so as to
form the isolation region is the non-doped silicon oxide, the
material of the mask may also be the non-doped silicon oxide.
This is beneficial for compatibility of the technical solution of
the present invention with the conventional process. The
mask 240 may be formed by using a selective deposition
process. The second trench 260 may be formed by using an
etching process.

Other embodiments may further comprise: performing an
etching operation on the second trench 260 to expand the
second trench 260. An isotropic or anisotropic etching pro-
cess may be adopted to perform the operation for expansion
of'the second trench 260. Taking the operation for expansion
being performed by using the isotropic etching process for
example, as illustrated in FIG. 18, herein in any cross-sec-
tional plane (e.g., the cross-section as illustrated in the draw-
ing) perpendicular to the top surface of the semiconductor
substrate 200, the sidewall 262 of the second trench 260 may
have an arc shape. When the operation for expansion is per-
formed by using the anisotropic etching process, the sidewall
of the second trench 260 may have a fold line shape (not
shown).

The cross-sectional area of the second trench 260 may be
increased by performing an etching operation on the second
trench 260 to expand the second trench 260. Consequently,
the second trench 260 is filled by the insulation layer and this
is beneficial to enhance the insulation effect.

Next, as illustrated in FIG. 19, an insulation layer 280 is
formed to fill the first trench 220 and the second trench 260.

The insulation layer 280 may be silicon nitride, silicon
oxynitride or non-doped silicon oxide. Before the insulation
layer 280 is formed, the mask 240 may be removed or not
removed (in this embodiment, an example is taken to remove
the mask, or wherein the material of the mask is the same as
that of the insulation layer). The hard mask 224 will also be
removed before subsequent steps.

The present invention further provides a method for form-
ing a semiconductor device, and the method comprises the
following steps. Firstly, as illustrated in FIG. 20, an isolation
region 142 is formed using the above method (e.g., see the
second embodiment of the isolation region) to isolate active
regions 148. Next, as illustrated in FIG. 21, a gate stack
structure (the same as that described in the embodiment of the
aforementioned semiconductor device, and herein is not
repeated) is formed on the semiconductor substrate 100. The
gate stack structure passes through the active region 148 and
extends to the isolation region 142. Next, as illustrated in FIG.
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22, the gate stack structure and the isolation region are used as
the mask to form a third trench 150 in the active region.
Finally, as illustrated in FIG. 23, a semiconductor layer 152 is
filled into the third trench 150 to form an S/D region. The third
trench 150 may be formed by using an anisotropic etching
process. The material of the semiconductor layer 152 is the
same as that described in the embodiment of the aforemen-
tioned semiconductor device, and herein is not repeated.

On the premise that the opening areas of the isolation
region are the same, the cross-sectional area of the embedded
isolation region is made to be smaller than the opening area by
increasing the angle between the sidewall of the first trench
and the nominal line of the semiconductor substrate. In the
subsequent steps, the S/D region is formed by using the open-
ing of the isolation region as the mask. In addition, when the
third trench bearing the material of the S/D region is formed,
the anisotropic etching process is adopted, so that the active
region connected to the isolation region is removed at the
opening of the isolation region. On any cross-section parallel
to the semiconductor substrate, the active region joined to the
isolation region will no longer be removed since the cross-
section area of the isolation region is reduced, i.e., the embed-
ded isolation region is still joined to the material of the active
region (i.e., the material of the semiconductor substrate). In
other words, the material of the semiconductor substrate is
residual between the third trench and the isolation region.
That is to say, each wall of the third trench is made of the
material of the semiconductor substrate. Then the material of
the semiconductor substrate is used as seed crystal. This is
beneficial for a uniform growth of the semiconductor material
for forming the S/D region along each direction in the trench,
and thus beneficial to reduce the possibility of defining a slot
at an interface between the formed S/D region and the isola-
tion region.

Furthermore, the scope of the present invention is not lim-
ited to the processes, structures, manufacturing, composi-
tions, means, methods and steps of the specific embodiments
as described in the specification. According to the disclosure
of present invention, a person skilled in the art will easily
appreciate that, when the processes, structures, manufactur-
ing, compositions, means, methods and steps currently exist-
ing or to be developed in future are adopted to perform func-
tions substantially the same as corresponding embodiments
described in the present invention, or achieve substantially
the same effects, a person skilled in the art can make appli-
cations of them under the teaching of the present invention,
without deviating from the scope of the present invention.

What is claimed is:

1. A semiconductor structure, comprising:

a first groove and an insulation layer filling the first groove,
wherein the first groove is embedded into a semiconduc-
tor substrate and includes a top portion and a bottom
portion, wherein the top portion is surrounded by a first
sidewall, wherein the bottom portion is surrounded by a
second sidewall and includes a bottom surface, wherein
the first sidewall, the second sidewall, and the bottom
surface are arranged along a thicknesses direction of the
semiconductor substrate; and wherein in any cross-sec-
tional plane perpendicular to the semiconductor sub-
strate, the second sidewall has a cross-section view with
an arc profile or a fold-line profile, wherein an angle
between the first sidewall and a normal line of the semi-
conductor substrate is larger than an angle between the
second sidewall and the normal line of the semiconduc-
tor substrate; and
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a source/drain (S/D) region, wherein the S/D region com-
prises a second groove and a semiconductor layer filling
the second groove,

wherein the material of the semiconductor substrate is
interposed between the first groove and the second 5
groove in both a length direction and a width direction of
a gate.

2. The semiconductor structure according to claim 1,
wherein the angle between the first sidewall and the normal
line of the semiconductor substrate is in a range from about 5° 10
to about 20°.

3. The semiconductor according to claim 1, wherein when
a material of the semiconductor substrate is Si, for a PMOS
device, the semiconductor layer is Si, ,Ge,; and for an
NMOS device, the semiconductor layer is Si:C. 15
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